6.6		Tooling HF





6.6.1		HF fiber insertion tooling





	Fiber insertion into the absorber matrix is one of the critical parts of HF construction.  The past experience in constructing the EM module suggests that  about two man-years would be required for manual fiber insertion per detector.  Fiber bundling for each tower and bundle installation behind the absorber would certainly require additional time.  A programmable semi-automatic fiber insertion tooling is presently contemplated for this repetitive task.  A robotic arm would pick an already cleaned fiber and insert it into a groove by the required length and move by groove-to-groove spacing to repeat the same task until a tower is completely finished.  A manual intervention would be required if an insertion or another problem is encountered.  The engineering aspects of this design is currently under study.





	Fiber insertion will be done in a clean tent where a positive pressure will be present to avoid dust particles accumulating in the grooves and on the fiber bundles over time.





6.6.1.1	Quality Control and Assurance





	One of the requirements for the absorber matrix is such that all the grooves are tested with a steel wire for clear passage before the insertion of the quartz fibers.  After this test, dry pressurized air is blown into the grooves to clean out possible burrs and dust particles.  This procedure will reduce time consuming interventions if a robotic arm is used.





	Once a tower is completed, a visual inspection from the far end of the calorimeter will be conducted to acertain the uniformity of fiber insertion lengths.  A light source will be used to inject light into each fiber from the same end to make sure that there was no fiber breakage during fiber installation.





6.6.2		HF fiber bundling, cutting and polishing





	The fibers will be bundled to form towers at the back of the absorber.  The fiber bundles will be made to form thin ribbons in order to minimize optical pickup noise from background radiation.  At the very end of the bundle, fibers will be closely packed into cylindrical ferrules for mechanical mounting into the photodetector housing.





	There are three types of fiber bundles that emerge from each tower; long fibers that run the entire length of the absorber (EM section) will be bundled separately from the medium length fibers (HAD section).  The short fibers (TC section) will form yet another bundle. There are two different sizes of towers, the smaller ones (5 cm by 5 cm) and the larger ones (10 cm by 10 cm).  Especially for TC, superimposed towers will be formed in 20 cm by 20 cm square sections.





	EM fibers will alternate with HAD fibers in the absorber, i.e. every other fiber will go either to EM bundle or HAD bundle.  TC fibers will be inserted 30 cm into the absorber in the same groove as the EM fibers but at every second (?) groove/plate.





	The experience with the previous protypes has provided information in two distinct ways; the fibers that constitute a tower are bundled at one end first and the free ends are inserted into the absorber (EM prototype) or alternatively individual fibers are first inserted and later bundled to into ferrules.  In the latter case, the fibers are glued, cut and polished (HAD prototype).  Both of these techniques have proven to be suitable.  A new type of a saw that is recently introduced into the market makes the second approach even easier.  The samples that are cut in this fashion require less time and effort to perfect the bundle polish.





	The experience with the prototypes indicate that after a crack-free cut is established with the ferrule, wet polishing procedure starts with 33 micron grit silicon carbide.   Increasingly finer aluminum oxide polishing powder is used; i.e. 18, 12 and 3 micron grit size.  The final polish is done using a 2 micron cerium oxide powder until the fiber ends are clearly reflective. 





6.6.2.1	Quality Control and Assurance





	Before the ferrules are mounted into the holding grid, the polish will be visually inspected with magnification.  In case of unacceptable polish (cracks, scratches, glue smears, etc.), the polishing procedure is repeated until an acceptable result is accomplished.  After polishing, the bundle will be cleaned with a cleaning agent to remove small particles and dust and a protective cover will be placed over the ferrule.





